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Introduction
The high and persistent unemployment rate is one of the most pressing challenges that Greece is currently facing. The unemployment rate increased from about 8 % in 2008 to 27.5 % in 2013 ; it then declined slightly to 26.5 % in 2014. According to the European Commission (2016), the unemployment rate declined to 25.1 % in 2015 and is projected to decline further, reaching to 24.0 % in 2016. However, it still remains at unsustainably high levels. The unemployment problem is particularly acute among young individuals, who currently face unemployment rates close to 50 %. Moreover, more than two thirds of the currently unemployed are without a job for a period of more than 12 months, so they are classified as long-term unemployed.
The unemployment problem can have severe economic and social repercussions, in terms of the marginalization of the people and groups involved in it, and in terms of the human capital erosion, which undermines the future growth prospects of the Greek economy. Moreover, high and persistent unemployment puts additional strains on the social security system and the public finances in Greece.
Motivated by the above developments, this paper investigates the determinants of unemployment dynamics in Greece. In particular, it studies the role played by inflows and outflows in shaping recent unemployment developments. Moreover, the paper examines the relationship between unemployment and vacancies (Beveridge curve) in Greece in order to understand whether the rise in unemployment reflects cyclical and/ or structural developments.
According to Shimer (2005) and Hall (2005) , the outflow rate has been found to have the primary role in accounting for unemployment dynamics in the USA. Shimer (2012) has shown that since 1948, the outflow rate from unemployment has accounted for three fourths of the fluctuation in the unemployment rate in the USA and the inflow rate to unemployment for one fourth. Since 1987, the contribution of the outflow rate is estimated to have reached about 90 % of the variability of the US unemployment, while the contribution from the inflow rate is considered to be quantitatively irrelevant. This induces Shimer to conclude that there are substantial fluctuations in the outflow rate over the business cycle, while the inflow rate is acyclic. Fujita and Ramey (2009) and Elsby et al. (2009) using US data and Petrogolo and Pissarides (2008) and Smith (2011) using UK data have challenged the conclusions of Shimer (2005 Shimer ( , 2012 by showing that inflows to unemployment are quantitatively relevant for unemployment dynamics. Moreover, according to Smith (2011) , at times of rising unemployment, the inflow rate is the most relevant determinant of unemployment dynamics, while at times of declining unemployment, the outflow rate matters the most for unemployment dynamics.
Nevertheless, Elsby et al. (2013) have shown that there is a natural partition of OECD economies in two groups, i.e., those that have more and less flexible labor markets. Anglo-Saxon and Nordic economies display high exit rates from unemployment, with monthly hazard rates exceeding 20 %, whereas Continental European economies have exit rates that are less than 10 %. Turning to inflow rates to unemployment, Anglo-Saxon and Nordic economics have monthly inflow rates of about 1.5 %, while the inflow rates decline to 0.5-1 % in Continental Europe. In addition, Elsby et al. (2013) show that the relative contribution of inflow and outflow rates to unemployment fluctuations is about 20:80 in Anglo-Saxon economies a result closer to the earlier US findings. In case of Nordic and Continental European economies, the authors observe a 50:50 inflow/outflow split. Bonthuis et al. (2013) study unemployment and vacancy developments in the euro area at the aggregate and country level in order to identify whether the recent rise in unemployment reflects cyclical or structural factors such as growing mismatches across euro area labor markets. They find a significant outward shift in the euro area Beveridge curve during the Great Recession, but there is considerable heterogeneity at the country level. For example, there is an outward shift in the Beveridge curve for Spain and France and an inward shift for Germany. In case of Greece, there is some evidence of an outward shift in the Beveridge curve during the recent crisis.
Following the abovementioned studies, it is very important to identify the determinants of the unemployment movements in recent years in Greece. If the changes in the inflow rate to unemployment are the most important factor behind the unemployment fluctuation, then a pick-up in economic activity will contribute to the stabilization and eventual decline of the unemployment rate. However, if the changes in the outflow rate from the unemployment matter as well, then economic recovery will result in lower unemployment only if it is associated with job creation. In addition, if there is an outward shift in the Beveridge curve, then this would imply growing mismatches in the labor market, possibly reflecting the rise in long-term unemployment. In this case, a jobless recovery would be associated with persistently high unemployment rate. Such a development could lead to the erosion of human capital and the deterioration of the long-term prospects of the Greek economy.
We use Labor Force Survey (LFS) data over the period 2001 Q1-2015 Q2 to investigate the determinants of unemployment dynamics in Greece. Building on Smith (2011) , we find that the inflow rate to unemployment accounts for the biggest part of unemployment variability over the sample period. However, focusing on the most recent crisis years, we find evidence pointing to the opposite direction, i.e., that the outflow rate from unemployment is a very important determinant of the variance of unemployment. The economic recession alongside labor market reforms raised the inflow rate to and decreased the outflow rate from unemployment in the early crisis years (until mid-2012) . Thereafter, the gradual normalization of economic conditions and the adoption of further structural reforms raised the outflow rate and led to drop in the inflow rate to unemployment, contributing to the slight fall in the unemployment rate in 2014-2015. Impulse response functions based on a structural vector autoregressive (SVAR) analysis provide evidence for the negative effects of economic recession on the unemployment dynamics, i.e., the inflow rate to unemployment rises and the outflow rate from unemployment drops. In addition, the results of the SVAR analysis indicate that the negative effects of economic recession on the outflow from unemployment are slightly more protracted compared to those on the inflow rate. Cumulative dynamic multiplier functions from a VAR model suggest that structural reforms at times of deepening recession can aggravate the unemployment problem by raising the inflow and lowering the outflow rate, while structural reforms undertaken at times of gradual recovery or decelerating recession can be associated with an increase in the outflow and a decline in the inflow rate.
Building on the work of Bonthuis et al. (2013) , we study unemployment and vacancy developments in Greece from 2004 Q1 till 2015 Q2. Our results are suggestive of the presence of an inverse relationship between unemployment and vacancies in Greece, which is driven by the post-2008 developments. The decline in, and the sectoral reallocation of, economic activity during the crisis years alongside with the adoption of less stringent employment protection legislation raised the unemployment rate and led to an outward shift in the Beveridge curve. However, the responsiveness of unemployment to vacancy developments has increased on account of structural reforms, which has led to an improvement in the efficiency of the matching process. This should facilitate a more rapid decline in unemployment when economic conditions improve and labor demand increases.
The paper is organized as follows. In Section 2, we discuss the data information and we construct the inflow rate to and the outflow rate from unemployment. In Section 3, we present the covariance contributions of inflow and outflow rates to unemployment variance. Section 4 discusses the unemployment and job vacancy developments in Greece and presents econometric evidence for the presence of a negatively sloping Beveridge curve. We then discuss in Section 5 the impact of economic recession on unemployment dynamics by means of a SVAR analysis, while in Section 6, we present evidence for the persistence of the unemployment rate following an increase in the inflow rate. The next section presents a first assessment of the impact of structural reforms on the inflow and outflow rates. Section 8 summarizes the main findings and concludes.
Data
We use Labor Force Survey data over the period 2000 Q1-2015 Q2 in order to calculate the unemployment inflows and outflows. 1 We employ data regarding the responses of participants on their current employment status (employed (E), unemployed (U), inactive (I)) which we then link with their responses in the recall question about their employment status (employed, unemployed, inactive) 1 year ago.
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As a next step, we calculate quarterly flows for the three employment statuses. For example, the number of flows from unemployment at time t − 1 to employment at time t is shown as U t − 1 E t . Dividing this by the number of unemployed at time t − 1 (U t − 1 ), we obtain the quarterly flow rate U t − 1 E t /U t − 1 , which reflects the quarterly probability of making the relevant transition. The quarterly flow rates are seasonally adjusted (ARIMA X12). In a similar manner, we construct the remaining flow rates, e.g.,
Building on Petrogolo and Pissarides (2008) and Smith (2011) , we calculate the instantaneous transition rates. For example, λ t_UE (
)) represents the instantaneous transition rate from unemployment to employment and is called job finding rate; λ t_EU is transition rate from employment to unemployment and is called job separation rate. In order to calculate the total inflow rate to unemployment (s t ), we take into account both the job separation rate (λ t_EU ) and the transition rate from employment (Ε) to inactivity (I) and the transition rate from inactivity (I) to unemployment (U). Hence,
where the second term in Eq.
(1) reflects the transition Ε → Ι → U. Analogously, the total outflow rate from unemployment (f t ) is calculated as the sum of the job finding rate (λ t_UE ) and the transition rate from unemployment to employment via inactivity. Therefore,
where the second part of Eq. (2) reflects the transition U → Ι → E. Figure 1 plots estimates of the total inflow and outflow rates, as well as the unemployment rate and the real GDP growth rate. The total inflow rate and the total outflow rate were on average at about 35 and 3 %, respectively, until the end of 2008. However, after 2009-2010, driven by the deteriorating economic conditions, the total outflow rate and the total inflow rate followed distinct paths, i.e., decreasing and increasing, respectively. This trend continued until about 2012 Q2, when the outflow and inflow rates reached their minimum and maximum values, respectively, over the sample period, i.e., 10 % for the outflow rate and 8 % for the inflow rate. This period was characterized by high political polarization, the rise of uncertainty, and double national elections in May and June 2012.
Subsequently, both inflow and outflow rates improved in line with the bottoming out of recession and the gradually improving economic conditions, despite the fact that the unemployment rate kept rising until it reached a pick in 2013 Q3. Consequently, the inflow rate stood at about 5 % and the outflow rate at about 17 % in 2015 Q2, i.e., the last available observation.
The changes in the inflow and outflow rates ( Fig. 1 ) reflect both cyclical and structural developments. The rapidly deteriorating economic conditions until the end 2011 exerted a negative effect on labor market developments, lowering the outflow rate from and raising the inflow rate to unemployment.
3 Following the double elections in 2012 Q2, uncertainty receded and economic conditions were normalized. As a consequence, both inflow and outflow rates improved. However, during the period under examination, various structural reforms were implemented aiming at improving the flexibility of the labor market. The progress achieved is reflected in the reduction of employment protection legislation (EPL) index of the OECD which is shown in Fig. 2 . The relaxation of the restriction in firing and hiring in late 2010-early 2011 (regarding the notice period for dismissal, the severance payments, etc.) allowed firms to cut labor costs by laying-off workers, without incurring high dismissal costs. This allowed many firms to continue stay afloat during bad economic times. However, it accelerated the increase in the inflow rate to unemployment (s), while the decline in employment growth and the posted job vacancies on account of the recession contributed to the fall of the outflow rate from unemployment (f ). As a consequence, the unemployment rate increased from about 12.6 % in 2010 Q3 to about 18 % 1 year later and skyrocketed to about 25 % 2 years later. The structural reforms that were initiated as part of the second Economic Adjustment Programme for Greece in 2012, i.e., the reduction in social security contributions in November 2012 and in July 2014, the activation of various training and internship labor market programs, the changes in the determination of minimum wages (involving a wage reduction of 22 % for workers aged above 25 and a 32 % reduction for workers below 25 years of age), the primacy given in firm level agreements which could set wages below those in the national collective agreement, etc., facilitated the reduction in nominal wages. These developments allowed firms to reduce labor costs through nominal wage cuts rather than labor shedding, which, in turn, led to decline in the inflow rate to unemployment. Furthermore, the new framework that was put in place, which allowed employers to hire new employees benefiting both from the reduction in nominal wages and the less regulated labor market, had a positive effect on labor demand. As a consequence, the job vacancy rate, after reaching its minimum value in 2013 Q2, started to rise thereafter, leading to an increase in the outflow rate from unemployment. The decline in the inflow rate to and the increase in the outflow rate from unemployment led to a small drop in the unemployment rate, i.e., to 26.5 % in 2014 from its peak value of 27.5 % in 2013. Turning to the remaining transition rates (Figs. 3 and 4), we observe that the main determinants of the total inflow rate (s) to and the total outflow rate (f ) from unemployment are the job separation (λ EU ) and the job finding rates (λ UE ), respectively. Nevertheless, from 2009 to 2010 onwards, the relevance of the transition from employment to unemployment via inactivity (Ε → Ι → U) for the determination of the total inflow rate (s) has increased. On the contrary, the transition from unemployment to employment via inactivity (U → Ι → E) has a smaller effect on the total outflow rate from unemployment (f ).
Indeed, the transition rates from inactivity to unemployment (λ IU ) and from inactivity to employment (λ IE ) hovered around 2 % before the crisis period; however, thereafter, they followed a diverse path with λ IU increasing to about 3 % and λ IE declining to about 1 % (Fig. 4) . These movements reflect the fact that on account of the recent crisis, individuals that were previously inactive were obliged (possibly because of unemployment in family members, wage cuts, etc.) to enter the labor market and seek employment and consequently to be recorded as unemployed. In addition, the evolution of the transition rate from unemployment to inactivity (λ UI ) indicates that there is limited discourage worker effect in the course of the recent crisis. However, there is a slight uptick in the relevant transition rate (λ UI ) from 2014 Q1 until the end of the sample.
Covariance contributions to unemployment variance
Following the work of Smith (2011), we calculate the covariance (β s and β f ) contribution of the inflow and outflow rate to the variance of steady state unemployment u t s s :
Changes in the inflow rate (s) explain 58 % of movements in steady state unemployment (Table 1) . Changes in the job separation rate (λ t_ΕU ) account for about 39 % of the variation in steady state unemployment. The role of the outflow rate (f ) is lower, i.e., it accounts for about 41 % of steady state unemployment variability with the biggest effect reflecting the job finding rate (λ t_UE ) which explains 35 % of the unemployment variability.
These findings resemble the ones reported by Smith (2011) for the UK (for the period 1988-2008), Hairault et al. (2015) for France (for the period 1990-2002), and Daouli Shimer (2005 Shimer ( , 2012 for the USA, changes in the inflow rate do explain substantial part of unemployment dynamics. 4 Next, we repeat the analysis that underlies the findings report in Table 1 , but this time, we compute rolling 4-year betas (i.e., β s , β f , etc.); Fig. 5 plots the findings. From the start of the period under investigation until the end of 2012, the inflow rate (s) has the primary role in explaining the variability in steady state unemployment. However, from the period 2009 Q2 to 2013 Q1 onwards, the outflow rate (f ) accounts for the biggest part of the variability in steady state unemployment. It should be recalled that from 2013 onwards, the recession bottomed out and the structural reforms that were previously implemented started to bear fruit in terms of lower labor costs and more flexible labor markets. These developments improved labor prospects, despite the fact that the unemployment rate continued its upward path until 2013 Q3.
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Overall, we find evidence that both the inflow and outflow rate play an important role in changing unemployment rates. At times of rising unemployment, the inflow rate to unemployment (job separation) plays the most important role, while the outflow from unemployment (job finding) plays the most important role at times of declining unemployment. Flexible labor relations are expected to contributed positively to both inflow and outflow rates. The results suggest that economic recovery is a necessary but not sufficient condition for the reduction of the very high unemployment rate. Economic recovery should go hand-in-hand with job creation to address the unemployment persistence problem.
The Beveridge curve in Greece
The importance of the job finding rate for the reduction of the unemployment rate discussed in the previous section is also related to the evolution of the job vacancy rate, which reflects labor demand by the business sector.
6 Figure 6 plots the job vacancy rate The Beveridge curve (see Fig. 7 ) reflects both the cyclical conditions and the efficiency of the labor market to match unemployed workers and available vacancies. The Beveridge curve has the usual downward slopping trend (Fig. 7) . However, the picture that emerges from the start of the sample in 2004 till late 2009 is rather mixed. This is also reflected in the upward slopping Beveridge curve in Fig During that time, the unemployment rate remained close to 10 % despite the very high job vacancy rates. This development indicates the presence of structural unemployment, i.e., a significant mismatch between the attributes of the unemployed and the posted vacancies, as well as significant restrictions in the labor market, which reduce competition between workers for the available jobs. On the other hand, given that the vacancy data collection for Greece (and the EU in general) started in 2004, it is likely that the first observations might contain some errors.
If we drop the first three observation of the first sub-sample and consider the period 2005 Q4-2009 Q3, the slope of the Beveridge curve becomes negative (see Fig. 9 ). A closer examination of the period 2006-2008 reveals a decline in unemployment from about 9.5-10 % to about 8-8.5 %, although the job vacancy rate remains steady at about 1.5-2 %. This is suggestive of a slight inward shift of the Beveridge curve.
From late 2009 onwards, on account of the deteriorating economic conditions, the unemployment and the job vacancy rates followed increasing and decreasing paths, respectively. Two changes are discernible in the Beveridge curve over the recent crisis years: First, there is an outward shift in the Beveridge curve-a job vacancy rate of 1.1 % corresponds to a higher unemployment rate than before (i.e., 13-14 % compared to 10 % in 2005 Q4-see Fig. 7 ). Second, the negative slope of the Beveridge curve has been reduced-this is evident from the slope of the trend line in Fig. 10 compared to the one in Fig. 7 . As depicted in Fig. 10 , the deterioration of economic conditions leads to an increase in unemployment and a decline in the vacancy rate, i.e., a movement along the Beveridge curve.
The bottoming out of recession and the gradual decline in the unemployment from 2014 onwards is associated with a marginal pick-up in the job vacancy rate. Nevertheless, a potentially disturbing picture emerges, i.e., a slight outward shift in the Beveridge Overall, despite the labor market reforms that were implemented since 2010 aiming at enhancing the matching efficiency of the Greek labor market, the large structural changes and the sectoral reallocation of economic activity on account of the recent crisis have created increased (skill, sectoral, locational) mismatches between unemployed and posted vacancies leading to very high structural unemployment. Based on LFS data, . Note: To control for seasonality the values reported for both the job vacancy rate and the unemployment rate are averages over four quarters. Source: Eurostat, author's calculations more than two thirds of the currently unemployed are in a state of unemployment for a period of more than 12 months, thus being classified as long-term unemployed.
On the other hand, it should be taken into account that at times, job vacancies tend to move quicker than unemployment. This can lead to a sudden drop (or jump) in vacancies while unemployment doesn't react (yet). This does not necessarily mean that the Beveridge curve has shifted in or out, these issues will be discussed in more detail in the next section.
Econometric analysis
Building on the work of Bonthuis et al. (2013) and the studies cited therein, we investigate the relationship between the unemployment rate and the job vacancy rate. We rely on seasonally adjusted data covering the period 2004 Q1-2015 Q2 in order to establish statistical significance for the findings suggested by the visual inspection of Fig. 7 , in particular, the effect of the recent crisis and the role of structural reforms. 8 The benchmark model is:
where U t is the unemployment rate, the lagged unemployment rate controls for unemployment persistence, 10 V t is the job vacancy rate, and the quadratic term V t 2 reflects the convexity of the Beveridge curve. As pointed by Bonthuis et al. (2013) , it captures non-linearities in the Beveridge curve, i.e., a smaller unemployment rate reaction when the job vacancy rate are very high (as in the early years of our sample), but higher reaction when vacancies are low (as in the latter years of our sample). We consider several variants of Eq. (4). For example, we estimate:
CRISIS is a dummy variable capturing the impact of the negative real GDP growth in the Greek economy, and it would imply an outward shift in the Beveridge curve. It takes a value of 1 at times of negative annual real GDP growth rate (y t − y t − 4 < 0, where y t is the quarterly real GDP) and 0 otherwise. The EPL index of the OECD (see Fig. 2 ) measures the strictness of employment protection legislation and accounts for the impact of the labor market legislative changes on the position of the Beveridge curve.
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Alternatively, for the sake of better understanding the results, we also employ the RE-FORMS index which reflects the structural labor market reforms that were undertaken in recent years. This index is simply the inverse of the EPL index (1/EPL). Therefore, higher values of REFORMS are interpreted as establishment move towards a more flexible labor market.
We also consider interaction terms between the job vacancy rate, the CRISIS dummy (CRISIS t *V t ), and the EPL index (EPL t *V t ). We estimate each interaction term at a time in Eqs. (6) and (7):
The interaction term (CRISIS t *V t ) captures changes in the slope of the Beveridge curve, i.e., changes in the efficiency of the matching process that are attributed to the crisis. In Eq. (6), we calculate the "Effect of the job vacancy rate if CRISIS = 1" as the sum of β 2 + β 6 .
The interaction term (EPL t *V t ) captures changes in the slope of the Beveridge curve, i.e., changes in the efficiency of the matching process, that are attributed to changes in labor market regulation. For example, a more flexible labor market should be expected to increase the responsiveness of unemployment to vacancy developments. In Eq. (7), we calculate the "Effect of the job vacancy rate conditional on EPL" as the sum of β 2 + β 6 *EPL t , (where EPL can be evaluate at its sample average value).
In Eq. (8), we incorporate a full set of interaction terms that controls both for the interaction of job vacancy rate with the CRISIS dummy variable and the EPL index, as well as for the joint interaction between CRISIS, EPL, and job vacancy rate:
Following European Commission (2015), we calculate the following: (1) the "Effect of the job vacancy rate conditional on EPL if CRISIS = 1" as the sum of (β 2 + β 6 ) + (β 7 + β 8 )*EPL t , and (2) the "Effect of the job vacancy rate conditional on EPL if CRISIS = 0" as the sum of β 2 + β 7 *EPL t (where EPL can be evaluate at its sample average value).
The main set of results is reported in Table 2 . The coefficient on the lagged unemployment rate is large and highly significant, indicating considerable unemployment persistence. Moreover, the coefficient is strictly below 1 at all times (see columns 1-6) contrary to the findings of Bonthuis et al. (2013) who find a coefficient above 1 (suggesting a not well-defined Beveridge curve for Greece). Starting from the baseline specification of Eq. (4), we find that the job vacancy rate, as expected, has a negative coefficient, which is an evidence for the inverse relationship between the unemployment rate and the job vacancy rate (see column 1, Table 2 ). The squared job vacancy rate has a positive and statistically significant coefficient (see column 1), suggesting that the convexity condition of the Beveridge curve holds. There is a small unemployment response when labor demand is strong and job vacancies are high (the period 2004-2005 ) and a stronger unemployment response when job vacancies are low (the recent crisis years). However, both the size and the statistical significance of the coefficient of the squared job vacancy rate decline when we take into account other factors such the CRISIS dummy variable and the EPL index and their interactions with the job vacancy rate (see columns 2-6).
The impact of the CRISIS dummy variable is both positive and statistically significant (see columns 2-4, Table 2), implying an outward shift of the Beveridge curve in times of economic recession. The interaction term CRISIS*V is negative and statistically significant (see column 3). At the same time, the coefficient of the job vacancy rate remains negative but it is not statistically significant. Consequently, the "effect of the job vacancy rate if CRISIS = 1" is negative (−1.05) and highly statistically significant in column 4. This implies an increase in the responsiveness of the unemployment to vacancy developments over the recent crisis. Hence, the inverse relationship between unemployment and vacancies, which underlies the Beveridge curve, is primarily due to the more recent economic developments. The visual inspection of Figs. 7-10 has already pointed to this conclusion.
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The index EPL has a negative and statistical significant coefficient (see columns 2, 5-6), suggesting that structural reforms (a lower EPL value) induce an outward shift of the Beveridge curve, i.e., they raise unemployment for the same level of job vacancies. Similarly, as reported in column 1 of Table 3 , the REFORMS index has a positive and statistically significant coefficient, implying that more flexible labor markets are associated with higher unemployment rate.
The interaction term EPL*V has a positive coefficient estimate (column 4, Table 2 ), while the coefficient estimate of the job vacancy rate is negative and statistically significant (column 4, Table 2 ). As a consequence, the "effect of the job vacancy rate conditional on EPL" in column 4 is negative (−4.534) and statistically significant. This is suggestive of an increase in the responsiveness of unemployment to vacancy developments on account of structural reforms that reduce the EPL index, i.e., an improvement in the efficiency of the matching process. Similarly, as reported in column 2 of Table 3 , the "effect of the job vacancy rate conditional on REFORMS" is negative (−8.952) and statistically significant-i.e., labor market reforms raise the responsiveness of unemployment to vacancy developments.
In column 6 (Table 2) , we present the findings that correspond to Eq. (8), where we control for the joint interaction between the CRISIS dummy variable, the EPL index, and the job vacancy rate. The coefficient estimates in this specification are in most cases not statistically significant. However, we can see that the "effect of the job vacancy rate conditional on EPL if CRISIS = 0" is negative having a value of −0.528, while the "effect of the job vacancy rate conditional on EPL if CRISIS = 1" is also negative but more sizeable, i.e., −2.029.
A similar picture emerges if we look the estimates in column 3 of Table 3 , the coefficient of the job vacancy rate is positive (0.664) but not statistically significant, the "effect of the job vacancy rate conditional on REFORMS if CRISIS = 0" is negative having a value of −1.131, while the "effect of the job vacancy rate conditional on REFORMS if CRISIS = 1" is negative but more sizeable, i.e., −3.210. However, the coefficient estimates are not particularly significant.
Qualitatively, these findings suggest that it is primarily the effect of the CRISIS that induces a greater responsiveness of the unemployment to vacancy developments relative to a decline in the EPL or the increase in the REFORMS index. Nevertheless, a lower EPL or a higher value of the REFORMS index is in fact reducing the responsiveness of unemployment to vacancy developments. Alternatively put, it is structural reforms at times of economic crisis that induce the greater responsiveness of unemployment to vacancy developments rather than reforms at regular economic times.
As a robustness check in Table 4 , we have considered a smaller sample, i.e., 2005 Q4-2015 Q2. Given that vacancy data collection for Greece (and the EU in general) started in early 2004, we drop the first few observations that are likely to be liable to data problems. The findings reported in Table 4 are qualitatively similar to those reported before.
Overall, structural reforms, which increase the flexibility of the labor market, were implemented in a recessionary context, aggravating the unemployment problem. At the same time, there is some preliminary evidence that reforms also improved the efficiency of the matching process. This implies a more pronounced unemployment response at times of increased labor demand when more job vacancies are posted.
Concluding, the results presented in Tables 2-4 correspond to the analysis of Bonthuis et al. (2013) and verify the presence of an inverse relationship between unemployment and vacancies in Greece. This inverse relationship primarily reflects developments after 2008, the time that Greece dipped into recession. The decline in economic activity alongside with a more flexible labor market contributed to an increase in unemployment, i.e., an outward shift in the Beveridge curve. Nevertheless, there is evidence suggesting that the responsiveness of unemployment to vacancy developments has increased on account of structural reforms, which can lead to an improvement of the matching process and a more rapid reduction in the unemployment rate when the job vacancy rate accelerates.
5 The effect of an economic activity decline on job finding, separation, and vacancy rates: a structural VAR approach
The analysis in Sections 2 and 3 that examine the evolution of the inflow rate to and outflow rate from unemployment in recent years is unconditional; various factors could have affected these transition rates. In this section, building on the work of Hairault et al. (2015) and using seasonally adjusted (ARIMA X12) data from 2005 Q4 till 2015 Q2, we investigate econometrically the effect on an exogenous shock in economic activity Note: Standard errors are corrected for autocorrelation using Newey-West procedure. ***, **, * denote statistical significance at 1, 5, and 10 % levels, respectively (t-statistics in parenthesis). The effect of job vacancy if CRISIS = 1 is the non-linear combination: Job vacancy rate + job vacancy rate*CRISIS (z-statistic in parenthesis). The effect of job vacancy conditional on EPL is the non-linear combination: Job vacancy rate + Job vacancy rate*EPL (z-statistics in parenthesis). The effect of job vacancy conditional on EPL if CRISIS = 1 is the non-linear combination: Job vacancy rate + Job vacancy rate*EPL + job vacancy rate*CRISIS + job vacancy rate*CRISI-S*EPL (z-statistics in parenthesis). The effect of job vacancy conditional on EPL if CRISIS = 0 is the non-linear combination: Job vacancy rate + Job vacancy rate*EPL (z-statistics in parenthesis)
on the transition rate into and out of unemployment and the job vacancy rate. 13 We control for the policy changes undertaken in recent years by incorporating the shift dummy variable EAP taking values 1 from 2010 Q2 onwards and zero otherwise; EAP stands for Economic Adjustment Programme.
14 We consider a structural VAR specification that includes an intercept and where the lag length is set to 2. 15 The SVAR we estimate is of the form:
where X t = [Dy, s, f, v] is the vector of endogenous variables, Dy stands for real GDP growth rate (Dy = y t − y t − 4 ), s stands for the inflow rate to unemployment, f stands for the outflow rate from unemployment, and v stands for job vacancy rate. C t contains the deterministic terms. In order to conduct an impulse response function analysis, we need to identify the structural shock to Dy by imposing on the matrices A and B that determine the mapping from the VAR innovations u to the structural shocks ε 
These restrictions assume that a percentage change in real GDP growth is not contemporaneously affected by changes in s, f, or v and allows us to examine the impulse responses of these three variables following a well-identified exogenous shock on real GDP. Results are presented in Fig. 11a-d . The solid black line represents the response of the variable of interest to the exogenous negative shock on output growth; the two round-dotted black lines are the 68 % confidence bands. 16 Following a negative output growth shock, the economic downturn lasts for about six quarters and leads to a decline in the job vacancy rate for about nine quarters. The inflow rate to unemployment (s) rises and remains positive for about nine quarters. There is a drop in the outflow rate from unemployment (f ) which lasts for about 10 quarters. The increase in the inflow rate and the decline in the outflow rate lead to higher unemployment. The abovementioned developments imply a downward movement along the Beveridge curve, i.e., as economic conditions deteriorate, job vacancies drop and unemployment rises. Note that the response of the outflow rate is slightly more protracted compared to the one of the inflow rate. Therefore, following a negative economic activity shock, the unemployment rate rises and will continue rising for about one quarter more after the termination of the flows from employment to unemployment.
Building on the impulse responses of the inflow and the outflow rates displayed in Fig. 11a , b and the sample averages of the transition rates s and f, we can compute the implied response of the unemployment rate to the negative economic activity shock. The implied unemployment response is calculated as follows:
where the starting value is u (t) = 13.70 %, i.e., it is the steady state unemployment rate (u ss = s/(s + f )) that is calculated based on the whole sample averages for s and f (s = 4.34 % and f = 27.31 %). Hence, we assume that the economy is initially at the steady state and moves out of the steady state following the economic activity shock that impacts on the inflow (s) and outflow (f ) rates. 17 The values of s and f that are used in Eq.
(11) are continuously updated (starting from the initial values s = 4.34 % and f = 27.31 %) based on the impulse response functions of the inflow (ds t /dy) and outflow (df t /dy) rates (for t = 0,1…20 quarters). For example, s (t = 0) = 4.34 % + ds (t = 0) /dy, s (t = 1) = s (t = 0) + ds (t = 1) /dy,…,s (t = 20) = s (t = 19) + ds (t = 20) /dy and f (t = 0) = 27.31 % + df (t = 0) /dy, f (t = 1) = f (t = 0) + df (t = 1) /dy,…,f (t = 20) = f (t = 19) + df (t = 20) /dy. The implied responses of the inflow (s) and outflow (f) rates to an economic activity shock for quarters t = 0, 1,….20 are depicted in Fig. 12 . Iterating Eq. (11) forward, we obtain the implied unemployment rate following an economic activity shock (see Fig. 13 ).
In order to assess the impact of the inflow rate (s) on the evolution of unemployment rate, we repeat the same exercise as above (we iterate Eq. (11) forward) holding fixed the outflow rate (f ) at the initial (sample average) value f = 27.31 %. Similarly, to assess the impact of outflow rate (f ) on the unemployment rate, we iterate Eq. (11) forward holding fixed the inflow rate (s) at its initial (sample average) value s = 4.34 %. Interestingly, the increase in unemployment is primarily due to the increase in the inflow rate (s) as can be seen from the evolution of the unemployment rate when f is held fixed at its initial value (see Fig. 13 ). Figure 14a presents the implied unemployment rate response which is positive for about 12 quarters, following an economic activity shock and the contributions of the inflow (s) and outflow (f ) rates.
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As a robustness check, we repeat the above exercise, but we now consider two additional scenarios for the staring values s, f, and u: (1) we use the average values over the period 2005 Q4-2010 Q1, i.e., s = 2.14 % and f = 28.71 % which imply u ss = s/(s + f ) = 6.95 %, and (2) the average values from 2010 Q2 till 2015 Q2, i.e., s = 4.55 % and f = 12.66 %, which imply u ss = s/(s + f ) = 26.44 %. The findings are reported in Fig. 14b , c, respectively. In recent years, the implied response of the unemployment rate is much more pronounced and lasts longer, about 14 quarter vis-à-vis 12 quarters in the first part of the sample (see Fig. 14b, c) .
The contribution of the inflow rate (s) is the most important determinant of the unemployment response in the whole sample as well as in the first sub-sample (Fig. 14a,  b) . However, the contribution of the outflow rate (f ) in explaining unemployment fluctuations becomes equally important to that of the inflow rate (s) in most recent years (Fig. 14c) . Analogous evidence is reported by Hairault et al. (2015) in the case of France. Fig. 13 The implied unemployment rate following and economic activity shock Using the implied response of the unemployment rate and the contributions of the inflow and outflow rates (Fig. 14a-c) , we construct the covariance contributions of inflow and outflow rates to the variance of the implied unemployment rate. The results are reported in Table 5 . The outflow rate accounts for about 47 % of the variability of the unemployment response in the period after 2010, relative to about 16 % in the period before 2010. When considering the whole sample, the inflow rate explains the biggest part (66 %) of the variability of the unemployment response. These findings resemble to those reported in Table 1 . 19 6 The role of unemployment persistence
In the previous section, we examined the inflow and outflow rate responses to a negative economic activity shock, and based on these, we constructed an implied unemployment rate response. However, this implied response might not fully reflect the persistence of actual unemployment rate. Therefore, building on the work of Barnichon and Garda (2015), we build a parsimonious SVAR specification as the one described in Eq. (9) and the specification (10), but we now consider only three variables: the inflow rate (s), the outflow rate (f ), and the actual unemployment rate (u). 20 We examine the impact of an exogenous increase on the inflow rate (possibly) driven by adverse business cycle developments. Results are presented in Fig. 15a-c . The solid black line represents the response of the variable of interest to the exogenous shock on inflow rate (s) and the two round-dotted black lines are the 68 % confidence bands. 21 Following the exogenous shock, the transition rate s remains positive for a period of 10 quarters (Fig. 15a) . The decline in the outflow rate is more pronounced but slightly less protracted (it lasts for eight quarters) than the increase in the inflow rate (Fig. 15b) . The unemployment rate increases and remains positive for a period of 15 quarters (see Fig. 15c ) after the initial inflow rate shock. That is, five to seven quarters more than it would have been implied by the inflow and outflow rate responses. Using the methodology described in the previous section and employing Eq. (11) and the sample averages of s and f, we construct the implied response of unemployment rate based on the inflow and outflow rate responses shown in Fig. 15a, b . The implied unemployment rate response is shown with a solid orange line in Fig. 15c . It is more sizeable relative to the actual unemployment response until about the eighth quarter. Thereafter, it declines rapidly and remains positive until the 12th quarter, whereas actual unemployment remains positive for about 15 quarters. This evidence is suggestive of the high persistence in the unemployment dynamics in Greece, which work beyond the estimated responses of the inflow and outflow rates.
7 A first assessment of the impact of structural reforms on the inflow and the outflow rates from unemployment: a VAR analysis
The inflow rate to and outflow rate from unemployment are affected both by cyclical and structural factors. In Section 4, we examined the impact of the decline in economic activity on the transition rates into and out of unemployment. In the current section, we investigate the likely impact of the structural reforms that were undertaken in the period under investigation on the inflow (s) and outflow (f ) rates. Some of these structural labor market reforms are reflected in the decline of the EPL index (see Fig. 2 ), which measures the stringency of labor relations. Table 5 Covariance contributions of inflow and outflow rates to the unemployment variance (based on the implied unemployment responses of Fig. 14a-c To this end, we estimate a parsimonious three variable VAR with 1 lag: real GDP growth rate (Dy), inflow rate (s), outflow rate (f). 22 In addition, we include three exogenous variables to control for the effect of structural reforms at various phases of the economic cycle. These exogenous variables are constructed as follows: The impact of reforms on the inflow (s) and outflow (f ) rates can vary depending on the state of the business cycle. Hence, the period under investigation 2003 Q1-2015 Q2 is broken down into three sub-periods: (a) the times of deepening economic recession, i.e., when the annual real GDP growth rate is negative and deteriorates further from one quarter to the other, 23 (b) the times of gradual recovery (or decelerating recession), i.e., when the annual real GDP growth rate is negative but improves from one quarter to the other, 24 and (c) the times of economic expansion, i.e., when the real GDP growth rate is positive. Figure 16 plots the annual real GDP growth rate and the quarterly change of the annual real GDP growth rate. The economy is in a state of deepening recession when both series have negative values. The economy is in a state of gradual recovery (or decelerating recession) when the annual real GDP growth rate is negative but its quarterly change is positive.
A Inflow rate (s) to unemployment B Outflow rate (f) from unemployment C Actual and implied unemployment rate On the basis of the three sub-periods that we identified above, we construct three dummy variables (the times of deepening economic recession, the times of gradual recovery, and the times of economic expansion); each of them takes the value of 1 for the period of reference and 0 otherwise.
Next, we multiply these three dummy variables with the dummy variable REFORMS (which is the inverse of EPL) that was defined in Section 4.1 and obtain three new dummy variables that are incorporated in the VAR described above as exogenous variables. 25 These three new dummy variables are displayed in Fig. 16 and can be interpreted as progress in structural reforms at distinct phases of the business cycle. Therefore, the value of 0 indicates no reforms (prior to 2011 Q1, there was no change in EPL and hence no progress in reforms), the value of 0.10 stands for the adoption of the first reforms in the period 2011 Q1-2012 Q4, and the value of 0.11 for the additional progress in labor market reforms during the period 2013Q1-2015Q2. Following Lutkepohl (2005), we employ cumulative dynamic multiplier functions to examine the effect of structural reforms. These functions measure the cumulative effect of a unit change in each of the exogenous variables on the endogenous variables of the VAR. The cumulative dynamic multiplier functions are reported in Figs. 17, 18, and 19. 26 The structural labor market reforms that are undertaken at times of deepening economic recession increase the inflow rate to unemployment (s), while reducing the outflow rate from unemployment (f ) and the real GDP growth rate (see Fig. 17a-c) . On the contrary, structural reforms in the labor market at times of decelerating recession or gradual recovery lower the inflow rate (s), while they slightly stimulate the outflow rate (f ) and boost output growth (see Fig. 18a-c) .
Structural reforms at times of economic expansion have limited effects on the labor market. After a period of 20 quarter, there is a small decline in the inflow rate (s) to unemployment, while the outflow rate (f ) to unemployment remains practically unchanged and the real GDP growth rate responds positively (Fig. 19a-c) .
Overall, the results suggest that the structural reforms that were undertaken in times of deep economic recession propagated the increase in the inflow rate to unemployment (s), Fig. 16 Annual real GDP growth rate, quarterly change of the annual real GDP growth rate, and reform implementation at various phases of the business cycle while the structural reforms that were undertaken in times of decelerating economic recession or gradual recovery had a slight positive effect on the outflow rate.
A word of caution is needed here. The abovementioned finding should be considered to be preliminary and constitute a first assessment of the impact of structural reforms that were implemented in recent years. Moreover, it should be kept in mind that the constructed dummy variables do not fully capture the variety of policy interventions that took place in recent years, for example, the reduction of severance payments and the shortening in the notice time for dismissals, the cuts in employers' and employees' social security contributions, the decline in the minimum wage, the changes in the national and sectoral collective agreements and the primacy given to firm level agreements, the pension reform, and the structural reforms in the product and service markets. 27 
Conclusions
This paper examines the determinants of unemployment dynamics in Greece using Labor Force Survey data from 2000 Q1 to 2015 Q2. Following earlier studies such as Smith (2011) and Petrogolo and Pissarides (2008) , we show that the inflow rate to unemployment accounts for the biggest part of unemployment variability over the whole sample period. However, focusing on the most recent crisis years, we found evidence pointing to the opposite direction, i.e., that the outflow rate from unemployment is the most important determinant of the variance of unemployment. These developments reflect the fact that early in the crisis (the period until the mid of 2012), there was an acceleration of the total inflow rate (s) to unemployment. This is primarily due to the increase in the job separation rate (λ EU ). However, it also reflects a rise in the transition from employment to unemployment via inactivity (Ε → Ι → U). These results, which led into rapidly rising unemployment, were driven by the economic recession and the structural reforms (implemented from 2010 onwards) which eased the strictness of labor market regulation. In addition, the reduction in hiring and the posted job vacancies on account of the recession exerted a negative effect on the total outflow rate (f ) from unemployment, which in turn contributed further to the rapid rise of the unemployment rate. The increase in the total outflow rate was primarily due to the job finding rate (λ UE ), while the transition from unemployment to employment via inactivity (U → Ι → E) had a limited effect.
From mid-2012 onwards, uncertainty receded and economic conditions normalized. As a consequence, both inflow and outflow rates improved. In addition, the structural reforms that were initiated since then, i.e., the reduction in social security contributions, the activation of various targeted training and internship labor market programs, the changes in the determination of minimum wages, the primacy given in firm level agreements which could set wages below those in the national collective agreement, etc., facilitated the reduction in labor costs and coupled with the gradually improving A Inflow rate (s) to unemployment B Outflow rate (f) to unemployment C Output growth economic conditions contributed to the decline in the inflow rate to and the increase in the outflow rate from unemployment. The latest movements were driven mainly by the decline in the job separation rate (λ EU ) and the increase job finding (λ UE ) rate. Impulse response functions (based on a SVAR specification) provide econometric evidence for the negative effects of the economic recession on the unemployment dynamics. Cumulative dynamic multiplier functions (from a VAR model) suggest that structural reforms at times of deepening recession can aggravate the unemployment problem by raising the inflow and lowering the outflow rate, while structural reforms undertaken at times of gradual recovery or decelerating recession can be associated with an increase in the outflow and a decline in the inflow rate.
Overall, at times of declining economic activity, the inflow rate to unemployment is the most important determinant of unemployment developments, while at times of economic recovery, it is the outflow rate from unemployment that matters the most. Nevertheless, the SVAR analysis conducted has shown that the negative effects of economic recession on the outflow from unemployment are slightly more protracted compared to those on the inflow rate. This would lead to a delayed response of the unemployment rate at times of economic recovery. Hence, economic recovery without job creation (jobless growth) could result in persistently high unemployment rate.
Building on the analysis of Bonthuis et al. (2013) , we verify the presence of an inverse relationship between unemployment and vacancies in Greece. This inverse A Inflow rate (s) to unemployment B Outflow rate (f) to unemployment C Output growth relationship is attributed to economic developments after 2008, the time that Greece dipped into recession. The decline in economic activity alongside with a more flexible labor market contributed to an increase in unemployment, i.e., an outward shift in the Beveridge curve. Nevertheless, there is some evidence suggesting that the responsiveness of unemployment to vacancy developments has increased on account of structural reforms, which can lead to an improvement in the efficiency of the matching process. Data from 2014 onwards are suggestive of a slight outward shift in the Beveridge curve despite the small decline in unemployment (vis-à-vis its high levels recorded in 2013). The large structural changes and the sectoral reallocation of economic activity on account of the recent crisis have created increased (skill, sectoral, locational) mismatches between unemployed and posted vacancies leading to very high structural unemployment, despite the beneficial effect of labor market reforms on matching efficiency.
Overall, the analysis implies that policy interventions are required on two fronts. First, there is a need to enhance job creation. Second, it is necessary to improve the reemployment chances of the unemployed.
Job creation goes hand-in-hand with new domestic and foreign private investment, which in turn requires a business friendly institutional and tax environment. This could be promoted through the following policy actions: adoption of structural reforms in product and services markers, improved public sector efficiency, stable tax system, and the normalization of the financing and liquidity conditions in the Greek economy, through the loosening and subsequent abolishment of capital controls.
Last but not least, given the structural mismatch between job vacancies and available workers, it is of utmost importance to promote active labor market policies, retraining, and education in order to improve the skills and the re-employment probability of the long-term unemployed.
Endnotes
1 The LFS survey is conducted by the Hellenic Statistical Authority (El.Stat.) and concerns about 25,000-30,000 households in each quarter (i.e., about 65,000-80,000 individuals). See Daouli et al. 2015 for information on additional survey characteristics.
2 The survey data on the recall question suffer from both classification error (the respondents might consider themselves unemployed, while the statistical authority classifies them as employed or inactive) and recall error (the respondents might not be able to correctly recall their last year labor market status). Nevertheless, the correlation between actual unemployment and the implied unemployment based on the recall question is very high (98.1 %). 3 The deep recession in the early years of the crisis is also related to the fact that the first Economic Adjustment Programme for Greece paid particular emphasis on the correction of fiscal imbalances. According to the IMF (2015), the primary balance as a percent of GDP improved from −10.3 % in 2009 to −3.0 % in 2011. Subsequently, it still improved but by much less, i.e., it was −1.4 % in 2012, 1.0 % in 2013, and 0.0 % in 2014. Hence, the biggest part of the fiscal consolidation effort (with devastating effects on output growth) took place in 2010-2011. The same picture emerges if we consider the cyclically adjusted primary balance as a percent of potential GDP, i.e., from −13.2 % in 2009 it was reduced to −1.6 % in 2011 and improved further to 1.8 % in 2012, 4.6 % in 2013, and 3.2 % in 2014. 4 According to Hairault et al. (2015) , the outflow rate to unemployment is the dominant factor to explain the unemployment dynamics in France the period from 2004 to 2010. 5 The analysis up till now was based on the notion of steady state unemployment.
However, as pointed out by Smith (2011) and Elsby et al. (2013) , actual unemployment can diverge from steady state unemployment in times of rapidly changing unemployment as is the case in Greece during the recent crisis years. The correlation between the actual and the steady state unemployment is 90.4 % in Greece. Following Smith (2011), we calculated rolling 4-year covariance contributions of the inflow and outflow rates to the variance of actual unemployment. The findings support the conclusions based on the steady state unemployment, i.e., in the early years of the crisis, the inflow rate to unemployment (s) accounted for the biggest part of unemployment movements. However, in the latter years of the crisis, the outflow rate from unemployment (f ) had the primary role in explaining the variability of unemployment. . This assumption reflects the fact that no further reforms have been implemented regarding the conditions for hiring and firing as well as that none of the previous reforms was undone in recent years (Organization for Economic Cooperation and Development OECD 2016). 12 The same picture emerges from Figs. 7-10; one should just reverse the Y and X axis, placing the unemployment rate on the Y axis and the job vacancy rate on the X axis. 13 As discussed before, given that the job vacancy data collection started in early 2004, the first observations might be affected by various errors-to address these concerns, we rely on a slightly smaller sample 2005 Q4-2015 Q2. 14 The EU-IMF financed Economic Adjustment Programme for Greece was initiated in May 2010 (see Tagkalakis, 2013) . 15 The lag length was chosen based on the information provided by relevant laglength selection criteria (LR test and Akaike information criterion), LM test on no autocorrelation, and the need to work with a parsimonious specification in view of the small sample size (see Tables A.1-A. 2). The VAR satisfies the stability conditions (Table A. 3). 16 The exogenous decline in output growth is modeled to be one percentage point.
Standard errors have been calculated by bootstrapping the residuals (1000 replications were performed). 
